Introduction {#s1}
============

Community-acquired pneumonia (CAP) is a common, potentially fatal disease despite advances in both diagnosis and treatment [@pone.0046561-Mandell1], [@pone.0046561-Garau1], [@pone.0046561-Polverino1], [@pone.0046561-Fine1]. Although new techniques are being developed, defining the microbial etiology and classifying the severity of CAP both remain challenging issues. Biomarkers, preferably in combination with clinical risk scores, are increasingly used to identify specific patients at risk, to judge the severity of illness and prognosis of CAP and more recently to guide antibiotic therapy [@pone.0046561-ChristCrain1], [@pone.0046561-Muller1], [@pone.0046561-Schuetz1], [@pone.0046561-Kopterides1], [@pone.0046561-Schuetz2]. As the allocation of resources is, however, important, the high prices for the use of newly developed biomarkers make their use less attractive [@pone.0046561-Heyland1].

Immuno-competent white blood cell populations play an important role in the systemic inflammatory response to infection. Following endotoxemia the number of circulating neutrophils increases while lymphocyte counts decrease [@pone.0046561-Jilma1]. Neutrophilia is well recognized as infection marker whereas the clinician is less familiar with absolute lymphocytopenia (lymphocyte count below 1.0×10e9/l) as a possible marker in infectious disease management. Recently, the latter showed its potential in predicting bacteremia or the severity of several infectious diseases [@pone.0046561-Wyllie1], [@pone.0046561-Zahorec1], [@pone.0046561-Wyllie2], [@pone.0046561-Hawkins1], [@pone.0046561-deJager1]. Combining both parameters seems a logical step and the ratio of neutrophil and lymphocyte counts is increasingly used in several clinical circumstances. Initially, this so-called neutrophil-lymphocyte count ratio (NLCR) was studied as an infection marker in ICU patients and found to correlate well with disease severity and outcome, according to APACHE-II and SOFA scores [@pone.0046561-Zahorec1], [@pone.0046561-Knaus1], [@pone.0046561-Vincent1]. Other studies focused on the use of the NLCR in specific clinical conditions, like appendicitis, or its use as an independent predictor of survival in patients with various conditions ranging from oncological to cardiovascular diseases [@pone.0046561-Ommen1], [@pone.0046561-Acanfora1], [@pone.0046561-Huehnergarth1], [@pone.0046561-Gibson1], [@pone.0046561-Halazun1], [@pone.0046561-Tamhane1], [@pone.0046561-Halazun2], [@pone.0046561-Sarraf1], [@pone.0046561-Goodman1]. In a retrospective study, the NLCR proved to be a simple and even better marker in predicting bacteremia than routine parameters, like white blood cell (WBC) count and C-reactive protein (CRP) level, in infectious emergency admissions [@pone.0046561-deJager1]. As CAP is an important reason for Emergency Department (ED) admission and subsequent hospitalization, we prospectively studied the prognostic value of NLCR in patients with this condition.

Materials and Methods {#s2}
=====================

Study Design and Setting {#s2a}
------------------------

From December 2007 to January 2010, consecutive adult (18 years or older) patients admitted to the ED of the Jeroen Bosch Ziekenhuis with suspected CAP were prospectively studied. The Jeroen Bosch Ziekenhuis is an 800-bed teaching hospital in 's-Hertogenbosch, the Netherlands, with an annual ED census of approximately 28000 visits per year. Clinically suspected CAP was defined as the presence of symptoms of lower respiratory tract infection (new cough, sputum production, dyspnoea, hypo- or hyperthermia, altered breath sounds upon physical examination) in the presence of a new infiltrate on plain chest radiography. Chest radiographs were screened by the ED physician and reviewed by a senior radiologist, unaware of clinical and laboratory findings. Criteria for exclusion were, besides age below 18 years, transferral from another hospital and residence in a nursing home.

Ethics Statement {#s2b}
----------------

The institutional review board approved the study and written informed consent was obtained from the patients or their relatives (local ethics committee, METOPP, Tilburg (NL), number NL 18156.028.07).

Data Collection and Methods of Measurement {#s2c}
------------------------------------------

Patient's characteristics, clinical features and laboratory data were collected and entered in an electronic database. The patients were assessed using available data directly upon admission. There were no patients with HIV/AIDS included in our study. The following data were collected: age, gender, current smoking status, antimicrobial therapy prior to the presentation to the ED, co-morbidity (diabetes mellitus, chronic obstructive pulmonary disease (COPD), heart disease, cancer, gastrointestinal disease, cerebrovascular disease, renal disease and chronic liver disease), additional therapy prior to presentation (pulmonary inhaler therapy, oral corticosteroids), clinical symptoms (mental status, body temperature, blood pressure, heart and respiratory rate, oxygen saturation), laboratory data (CRP level, WBC count, neutrophil count, lymphocyte count, NLCR and urea nitrogen levels) and radiological findings (infiltrate and/or pleural effusion). Biomarkers were measured in all patients as part of routine clinical care.

CRP levels were measured with a fully automated enzyme-linked immuno-assay using an Aeroset 2.0 analyzer (Abbott Diagnostics, Santa Clara, California, USA). The WBC count, neutrophil and lymphocyte counts were determined on a Sysmex XE-2100 hematology analyzer (Sysmex Corporation, Kobe, Japan).

In our hospital, the upper limit of the normal range of the neutrophil count is set at 7.5×10e9/l with a lower limit of the normal range of the lymphocyte count set at 1.0×10e9/l. As previously used for predicting bacteremia, we used the cut-off point of 10.0 for the NLCR to calculate sensitivity, specificity, positive- and negative predicting values [@pone.0046561-Zahorec1], [@pone.0046561-deJager1].

Microbiological Evaluation {#s2d}
--------------------------

Microbiological evaluation for patients suspected of CAP was performed by sputum culture, aerobic and anaerobic blood cultures, urine immuno-chromatographic antigen detection tests, serum enzyme-linked immunosorbent assays (ELISA) for antibody determination and standard polymerase chain reaction (PCR) techniques for specific pathogens. If necessary, antibody determination was repeated four to eight weeks after admission. Sputum, aerobic and anaerobic blood cultures and the identification of potential pathogenic microorganisms were performed according to standard microbiological methods for detection of among others *Streptococcus pneumoniae, Streptococcus spp, Haemophilus influenzae, Moraxella catarrhalis, Staphylococcus aureus, Pseudomonas aeruginosa, Enterobacteriaceae* and anaerobic bacteria. The presence of *Legionella pneumophila* DNA in sputum and serum was detected by PCR. From 2009 onwards, PCR for *Coxiella burnetii* was performed on serum. With ELISA, sera were tested for the presence of specific IgM and IgG antibodies against *L. pneumophila* serogroups 1--6, *Mycoplasma pneumoniae, Chlamydophila psittaci* and *C. burnetii*. Urine was tested with immunochromatographic antigen detection tests for *L. pneumophila* serogroup 1 and *S. pneumoniae* antigens. A combined nose and throat swab was tested by PCR for influenza A virus, including influenza A (H1N1) from June 2009 onwards, and influenza B virus. Potential pathogenic microorganisms were considered etiologic for CAP when detected in sputum or blood cultures, by PCR or urinary antigen test or in case of seroconversion of specific antibodies.

Severity of Illness and Outcome {#s2e}
-------------------------------

To study the severity of CAP upon presentation, the validated CURB-65 score was calculated in all patients upon admission. The purpose of the CURB-65 score is to calculate the probability of mortality in patients with CAP [@pone.0046561-Lim1]. The score is based upon five factors from which its name is derived. Risk factors associated with an increased mortality according to the CURB-65 score are: confusion or decreased level of consciousness, abnormal renal function (blood urea nitrogen \>7 mmol/L), respiratory frequency ≥30/min, systolic or diastolic blood pressure \<90 mmHg or ≤60 mmHg, respectively and age ≥65 years. By this severity score patients were stratified in six risk categories to predict mortality. Furthermore, we assessed hospital or intensive care admissions, length of hospitalization and in-hospital mortality.

Statistical Analysis {#s2f}
--------------------

Statistical analysis was performed using SAS, version 9.2 software (SAS Institute Inc, Cary, North Carolina, USA). The level of significance for all statistical tests was a 2-sided, p-value of 0.05. Descriptive analysis was performed for all variables. Student's t-tests were used to evaluate the differences in CRP levels, WBC counts, neutrophil count, lymphocyte counts and NLCR, adjusted for the distribution of the outcome. To identify differences between the aforementioned markers we performed an unadjusted and adjusted regression analysis and a logistic regression analysis. Receiver operating characteristic (ROC) curves were constructed to evaluate the sensitivity and specificity of CRP level, WBC counts, neutrophil counts and lymphocyte counts and NLCR in predicting survival. ROC curves displayed sensitivity versus 1-specificity such that area under the curves (AUC) varied form 0.5--1.0, with higher values indicating increased discriminatory ability.

Results {#s3}
=======

Patients {#s3a}
--------

During the study period, 562 consecutive patients with the clinical suspicion of CAP were presented at the ED. Because of an alternative diagnosis, 99 patients were excluded.

In 395 (85.3%) out of the initially included 463 patients a new infiltrate was visible on chest radiography and were diagnosed with CAP. A total of 265 patients (67.1%) had an identifiable etiology of CAP.

The mean age of the 395 patients was 63±16 years, with the majority (300, 76%) of the patients being 50 years of age or older. Smoking as a risk factor was noticed in 151 (38%) patients. Co-morbidity was seen in 239 (61%) of the patients, with COPD (131, 33%) reported as the most prominent pre-existing condition ([table 1](#pone-0046561-t001){ref-type="table"}).

10.1371/journal.pone.0046561.t001

###### Baseline characteristics upon presentation at the Emergency Department (n = 395).

![](pone.0046561.t001){#pone-0046561-t001-1}

                                            Overall    Hospital admission   ICU admission   In-hospital mortality
  ------------- -------------------------- ---------- -------------------- --------------- -----------------------
  Age                  18-49 years          95 (24)         73 (21)            5 (16)                 0
                       50-64 years          92 (23)         81 (23)            10 (32)                0
                       65-74 years          98 (25)         87 (25)            9 (29)              4 (17)
                        ≥75 years           110 (28)        105 (31)           7 (23)              19 (83)
  Gender                   Male             240 (61)        210 (61)           20 (65)             15 (65)
  Smoking                  Yes              151 (38)        129 (37)           15 (48)             5 (22)
  Comorbidity       Diabetes mellitus       68 (17)         65 (19)            9 (29)              4 (17)
                        Malignancy          49 (12)         45 (13)            4 (13)               2 (9)
                         Cardiac            94 (24)         88 (25)            11 (35)             14 (61)
                     Cerebrovascular        48 (12)         46 (13)            4 (13)              4 (17)
                          Renal              37 (9)         36 (10)            3 (10)              5 (22)
                         Hepatic             17 (4)          16 (5)             2 (6)               1 (4)
                           COPD             131 (33)        124 (36)           15 (48)             12 (52)
  Medication       Oral corticosteroids     53 (13)         48 (14)            4 (13)              6 (26)
                       Antibiotics          148 (37)        122 (35)           6 (19)              9 (39)
                     Bronchodilators        130 (33)        123 (36)           16 (52)             13 (56)
  Pathogen            *S. pneumonia*        73 (18)         66 (19)            14 (45)             5 (22)
                      *C. burnetii*         63 (16)         48 (14)             1 (3)                 0
                      *M. pneumonia*        52 (13)         44 (13)            3 (10)               2 (9)
                      *H. influenza*         23 (6)          22 (6)             1 (3)               1 (4)
                 Influenza A (H1N1) virus    21 (5)          18 (5)             1 (3)                 0

COPD, chronic pulmonary obstructive disease; Chronic Obstructive Pulmonary Disease (COPD) was classified using the global initiative for chronic obstructive lung disease classification (GOLD), Hepatic means liver disease related to malignancy, hepatitis, auto-immune liver disease and/or alcoholic liver disease, cardiac means heart disease related to acute coronary syndrome (cardiovascular disease), valvular disease and/or heart failure, renal means renal disease including current renal replacement therapy, cerebrovascular means cerebrovascular disease; n, number; ICU, intensive care unit; data are presented as number (percentage) of patients.

Severity of CAP and Infection Markers {#s3b}
-------------------------------------

The CURB-65 score (mean ± SD) of all patients was 1.6±1.3: 96 patients (24%) had a CURB-65 score 0; 86 patients (22%) a score 1, 115 patients (29%) a score 2; 68 patients (17%) a score 3, 25 patients (6%) a score 4, and 5 patients (1%) a score 5. The CURB-65 score predicted mortality rate of all patients was 5.4% closely resembling the in-hospital mortality in our study (n = 23, 5.8%). Because of the relatively small number of patients with CURB-65 scores 4 and 5, we combined both groups in the data analysis.

As the CURB-65 score increased from score 0 to score 4--5, the NLCR consistently increased, while the lymphocyte count consistently decreased. Among patients in different CURB-65 categories there were no significant differences in CRP levels (p = 0.08). Infection markers among patients in different CURB-65 categories are shown in [figure 1](#pone-0046561-g001){ref-type="fig"}. Overall, the NLCR (mean ± SD) was increased in patients with CAP (13.6±12.0) and increased even more when patients were admitted to the hospital (14.4±12.4) or ICU (18.7±19.9) or died in-hospital (23.3±16.8). Infection markers of the patients presenting with CAP to the ED are shown in [table 2](#pone-0046561-t002){ref-type="table"}.

![Admission levels of the neutrophil-lymphocyte count ratio, white blood cell count (×10e9/l) and C-reactive protein level (mg/l) in community-acquired pneumonia patients classified into five CURB-65 categories (0, 1, 2, 3 and 4+5), (NLCR, neutrophil-lymphocyte count ratio; WBC, white blood cell; Y-axis left CRP, C-reactive protein; Y-axis right) data are presented as mean and SD.](pone.0046561.g001){#pone-0046561-g001}

10.1371/journal.pone.0046561.t002

###### Infection markers in patients admitted to the Emergency Department with community-acquired pneumonia and subpopulations of patients admitted to the hospital and patients deceased during hospitalization.

![](pone.0046561.t002){#pone-0046561-t002-2}

                                    CRP (mg/l)   WBC count(10e9/l)   Neutrophil count(10e9/l)   Lymphocyte count(10e9/l)      NLCR
  -------------------------------- ------------ ------------------- -------------------------- -------------------------- -------------
  Overall (n = 395)                 171 (128)       13.5 (6.5)              11.4 (6.4)                 1.1 (0.7)           13.6 (12.0)
  Hospital admission (n = 346)      181 (130)       13.9 (6.7)              11.9 (6.5)                 1.1 (0.6)           14.4 (12.4)
  ICU admission (n = 31)            234 (132)       16.5 (10.8)            14.6 (11.1)                 1.1 (0.7)           18.7 (19.9)
  In-hospital mortality (n = 23)    142 (118)       16.6 (6.0)              14.4 (5.8)                 1.0 (0.8)           23.3 (16.8)

WBC, white blood cell; CRP, C-reactive protein; ICU, intensive care unit; NLCR, neutrophil-lymphocyte count ratio; data are presented as mean (SD).

Neutrophil-lymphocyte Count Ratio {#s3c}
---------------------------------

Data concerning the NLCR are shown in [table 3](#pone-0046561-t003){ref-type="table"}. In patients with an adverse outcome defined as ICU admission and/or mortality (n = 50, 12.7%), a NLCR ≥10.0 was observed significantly more frequent (37/50 (74.0%) versus 13/50 (26.0%) NLCR **\<**10, p-value\<0.01). No significant differences in NLCR were observed between gender categories in our patients. One third of the patients were previously diagnosed with COPD (n = 131, 33.2%). A significant proportion of these patients showed a NLCR ≥10.0 (85/131 (64.9%) versus 46/131 (35.1%) NLCR \<10, p-value \<0.01). In patients who had received antibiotics prior to ED admission (n = 148, 37.5%), significantly more patients with a NLCR **\<**10 were noted (98/148 (66.2%) versus 50/148 (33.8%) NLCR ≥10.0, p-value \<0.01).

10.1371/journal.pone.0046561.t003

###### Frequencies of neutrophil-lymphocyte count ratios \<10 and ≥10 in subpopulations of patients admitted to the emergency department with community-acquired pneumonia.

![](pone.0046561.t003){#pone-0046561-t003-3}

                                                                   NLCR \<10     NLCR ≥10    p-value
  -------------- ------------------------------------------------ ------------ ------------ ---------
  Age                      18--50 years (n = 95, 24.1%)            60 (30.5)    35 (17.7)    \<0.01
                           50--64 years (n = 92, 23.3%)            53 (26.9)    39 (19.7)     0.09
                           65--74 years (n = 98, 24.8%)            50 (25.4)    48 (24.2)     0.79
                             75 year (n = 110, 27.8%)              34 (17.2)    76 (38.4)    \<0.01
  Gender                     Female (n = 155, 39.2%)               72 (46.5)    83 (53.5)     0.27
                              Male (n = 240, 60.8%)                125 (52.1)   115 (47.9)  
  Co-morbidity                COPD (n = 131, 33.2%)                46 (35.1)    85 (64.9)    \<0.01
                             Diabetes (n = 68, 17.4%)              28 (41.2)    40 (58.8)     0.11
  Medication           Oral corticosteroids (n = 53, 13.4%)        23 (43.4)    30 (56.6)     0.30
                      Previous antibiotics (n = 148, 37.5%)        98 (66.2)    50 (33.8)    \<0.01
                         Bronchodilators (n = 130, 32.9%)          45 (34.6)    85 (65.4)    \<0.01
  Bacteremia                     (n = 42, 10.6%)                    9 (21.4)    33 (78.6)    \<0.01
  Pathogen               *S. pneumoniae* (n = 73, 18.5%)            8 (10.9)    65 (89.1)    \<0.01
                          *C. burnetii* (n = 63, 15.9%)            49 (77.8)    14 (22.2)    \<0.01
                         *M. pneumoniae* (n = 52, 13.2%)           32 (61.5)    20 (38.5)     0.07
                          *H. influenzae* (n = 23, 5.8%)           11 (47.8)    12 (52.2)     0.83
                     Influenza A (H1N1) virus (n = 21, 5.3%)       13 (61.9)     8 (38.1)     0.25
  Outcome                                                                                   
                  ICU admission and/or mortality (n = 50, 12.6%)   13 (26.0)    37 (74.0)    \<0.01
                           ICU admission (n = 31, 7.8%)             9 (29.0)    22 (71.0)    \<0.01
                      In-hospital mortality (n = 23, 5.8.%)         5 (21.7)    18 (78.3)    \<0.01

NLCR, neutrophil-lymphocyte count ratio; COPD, chronic pulmonary obstructive disease; ICU, intensive care unit; n, number; data are presented as number (percentage) of patients.

Microbiology {#s3d}
------------

Sputa, blood culture samples, combined nose and throat swabs, urine samples for antigen testing and sera for serology were obtained in 299, 378, 344, 348 and 384 patients, respectively.

Upon presentation, 148 patients (37.5%) were using antibiotics (prescribed by the general physician). In 265 patients (67.1%) the microbial etiology could be identified. A single pathogen was detected in 208 patients and two or more pathogens in 57 patients. The most frequently identified pathogens were *S. pneumoniae* (n = 73, 18.5%), *C. burnetii* (n = 63, 15.9%), *M. pneumoniae* (n = 52, 13.2%), *H. influenzae* (n = 23, 5.8%) and influenza A H1N1 virus (n = 21, 5.3%). Positive blood cultures were seen in 42 (10.6%) patients. An overview of isolated pathogens is shown in [table 4](#pone-0046561-t004){ref-type="table"} (all microbiological results).

10.1371/journal.pone.0046561.t004

###### Causative microorganisms of community-acquired pneumonia in the study patients (n = 395).

![](pone.0046561.t004){#pone-0046561-t004-4}

  Microorganism                   Number (%)
  ------------------------------ ------------
  *Streptococcus pneumoniae*      73 (18.5)
  *Coxiella burnetii*             63 (15.9)
  *Mycoplasma pneumoniae*         52 (13.2)
  *Haemophilus influenzae*         23 (5.8)
  Influenza A (H1N1) virus         21 (5.3)
  *Staphylococcus aureus*          12 (3.0)
  *Legionella pneumophila*         7 (1.7)
  *Mycobacterium tuberculosis*     3 (0.7)
  *Chlamydia psittaci*             2 (0.5)
  *Klebsiella pneumoniae*          2 (0.5)
  *Moraxella catarrhalis*          7 (1.7)
  Other gram-negative              7 (1.7)
  None                            130 (32.9)

Patients with *S. pneumoniae* infection significantly more often had a NLCR ≥10.0 (65/73 (89.1%) versus 8/73 (10.9%) NLCR **\<**10, p-value \<0.01). In contrast, patients with *C. burnetii*-related CAP significantly more often showed a NLCR value **\<**10 (49/63 (77.8%) versus 14/63 (22.2%) NLCR ≥10.0, p-value \<0.01). The mean CURB-65 score in patients with CAP due to *S. pneumoniae* was higher than in patients with CAP due to *C. burnetii* (2.0±1.2 versus 1.0±1.2, p-value \<0.01). Patients with *M. pneumoniae*, *H. influenzae* or influenza H1N1 virus-related CAP also more often showed a NLCR **\<**10 ([table 3](#pone-0046561-t003){ref-type="table"}). Adjusted for the CURB-65 score the proportion of patients with a NLCR ≥10.0 was higher in patients with *S. pneumoniae* infection (p-value \<0.01) whereas most patients with a CAP due to *C. burnetii* had a NLCR **\<**10 (p-value \<0.01).

Patients with clinically significant positive blood cultures (n = 42, 10.6%) had significantly higher NLCR values compared to patients with negative blood cultures (22.5±19.0 versus 12.6±10.4, p-value \<0.01). WBC count (15.9±5.5 versus 13.2±6.6×10e9/l, p-value \<0.01) and neutrophil count (14.4±6.0 versus 11.1±6.3×10e9/l, p\<0.01) were also both significantly higher in bacteremic patients. The lymphocyte count was significantly lower in patients with positive blood cultures compared to patients with negative blood cultures (0.9±0.5 versus 1.2±0.7×10e9/l, p-value \<0.01). In contrast, CRP showed no statistical significant difference between bacteremic and non-bacteremic patients (205±141 versus 166±127 mg/l, p-value = 0.07). Significantly more patients with positive blood cultures had a NLCR ≥10.0 (33/42 (78.6%) versus 9/42 (21.4%) NLCR **\<**10, p-value \<0.01).

Hospitalization and Mortality {#s3e}
-----------------------------

Overall, 346 patients (88%) were hospitalized with a mean stay of 10.9±11.7 days. In all 31 (7.8%) patients were admitted to the ICU. Patients hospitalized for more than 10 days (n = 104, 26.3%) showed significantly higher NLCR values at presentation compared to patients who were not hospitalized or hospitalized for less than 10 days (16.9±15.4 versus 12.4±10.3, p-value \<0.01). A total of 23 (5.8%) patients did not survive hospitalization. In patients who died there was a significantly higher NLCR at presentation compared to patients that survived (23.3±16.8 versus 13.0±11.4, p-value \<0.01). Both WBC count (16.6±6.0 versus 13.3±6.5×10e9/l, p = 0.02) and neutrophil count (14.4±5.8 versus 11.2±6.4×10e9/l, p = 0.02) showed significant differences between non-survivors and survivors. There was no statistically significant difference in non-survivors versus survivors with respect to the lymphocyte count (1.0±0.8 versus 1.2±0.7×10e9/l) and CRP level (142±119 versus 173±129 mg/l; [table 2](#pone-0046561-t002){ref-type="table"}).

The NLCR predicted mortality better as compared to CRP level, WBC count, neutrophil count and lymphocyte count. The receiver operating characteristic (ROC) curves of the NLCR and CRP for differentiating survival versus non-survival are presented in [figure 2](#pone-0046561-g002){ref-type="fig"}. The NLCR had the highest area under the curve (AUC) of 0.701, followed subsequently by the AUC of the neutrophil count, WBC count, lymphocyte count and CRP level (0.681, 0.672, 0.630 and 0.565, respectively). Although the AUROC of the NLCR (0.701) is more prominent than the AUROC of the CRP level (0.565), the moderate added value considering the AUROC of the neutrophil count (0.680) may well reflect differences in neutrophil numbers. Unadjusted logistic regression analysis on the prediction of mortality shows that the NLCR is a better predictor of mortality than the neutrophil count (p\<0.05; the regression coefficients estimates for neutrophils and NLCR were 0.01 (p value 0.85) and 0.04 (p value 0.01) respectively. Adjusted for differences in baseline characteristics between patients who died and those who did not, the regression coefficients estimates for neutrophils and NLCR were 0.03 (p value 0.59) and 0.02 (p value 0.34) respectively.

![Receiver operating characteristic curves comparing C-reactive protein and the neutrophil-lymphocyte count ratio with respect to prediction of death (NLCR, neutrophil-lymphocyte count ratio; CRP, C-reactive protein).](pone.0046561.g002){#pone-0046561-g002}

Multivariate analysis has been performed to determine baseline factors independently associated with poor outcome. Age and heart failure were associated with poor outcome. Nevertheless there was no significant difference between the adjusted and unadjusted logistic regression models examining the prediction of mortality using the NLCR.

Discussion {#s4}
==========

Recently, the NLCR has been "rediscovered" as a simple, promising marker in several clinical circumstances. This is the first study that further explored the potential of this infection marker in patients with CAP in an emergency care setting. The discriminatory capacity of the NLCR in CAP patients outweighed predictive values of traditional biomarkers. Increased NLCR values were seen in patients with increased CURB-65 scores, positive blood cultures and unfavourable clinical outcome (prolonged hospitalization, ICU admission and/or death). The AUC of the NLCR ROC curve was significantly higher than that of conventional markers, especially CRP, in predicting mortality in CAP patients.

The host inflammatory response in the development of pneumonia has gained growing interest and infection markers are increasingly used to facilitate treatment decisions and improve the accuracy of clinical severity scores in patients admitted with CAP [@pone.0046561-Polverino1], [@pone.0046561-ChristCrain1], [@pone.0046561-Muller1], [@pone.0046561-Schuetz1], [@pone.0046561-Martinez1], [@pone.0046561-Chalupa1]. "Old" markers like CRP, WBC count and neutrophil count are still the most frequently used infection markers in daily clinical practice [@pone.0046561-Adams1]. Although recently introduced infection markers such as procalcitonin, several cytokines and markers like endothelin-1, copeptin and pro-adrenomedullin show promising results in risk assessment and outcome prediction the implementation of these "new" infection markers is hampered by validation, costs and accessibility.

In various stressful events the physiological response of circulating leucocytes is characterized by an increase in neutrophil counts and a decline in lymphocyte counts. Neutrophilia is caused by demargination of neutrophils, delayed apoptosis of neutrophils and stimulation of stem cells by growth factors. Margination of lymphocytes, redistribution of lymphocytes and marked accelerated apoptosis are supposed mechanisms of the observed lymphocytopenia in infectious emergencies [@pone.0046561-Zahorec1], [@pone.0046561-Joshi1], [@pone.0046561-Ayala1], [@pone.0046561-Unsinger1], [@pone.0046561-LeTulzo1]. Lymphocytopenia has shown promising results in the prediction of bacteremia in infectious emergency admissions [@pone.0046561-Wyllie1], [@pone.0046561-Wyllie2], [@pone.0046561-deJager1], [@pone.0046561-Chalupa1]. Although relatively unknown as a marker of disease severity or prognosis, lymphocytopenia has been described in several forms of CAP, especially in the acute phase and probably limited to T-cells and T-cell subsets [@pone.0046561-Fantin1]. In CAP patients it is hypothesized that depression of absolute peripheral blood T-cell counts represents the shift of these cells towards the lung in order to be sequestered in protective mechanisms [@pone.0046561-Williams1], [@pone.0046561-Laurence1]. The mean lymphocyte count in our overall study population was just above the lower limit of normal, and virtually identical to a figure previously reported in a group of 94 patients with pneumonia [@pone.0046561-Fantin1].

Goodman *et al* initially described the ratio of neutrophil and lymphocyte counts in a retrospective study to assess its potential in diagnosing appendicitis [@pone.0046561-Goodman1]. Besides the prognostic capacity of the NLCR in predicting survival in patients with several oncological diseases and as a prognostic parameter in cardiovascular medicine, Zahorec *et al* further explored its use as a marker of systemic inflammation [@pone.0046561-Zahorec1], [@pone.0046561-Ommen1], [@pone.0046561-Gibson1], [@pone.0046561-Halazun1], [@pone.0046561-Tamhane1], [@pone.0046561-Halazun2], [@pone.0046561-Sarraf1], [@pone.0046561-Goodman1], [@pone.0046561-Walsh1]. Recently, we showed that the NLCR proved to be a simple infection marker with discriminatory capacity in predicting bacteremia in infectious emergency admissions as compared to CRP level, neutrophil count and WBC count [@pone.0046561-deJager1].

In the current prospective study, we further explored the value of the NLCR in patients admitted with CAP. Interestingly, patients with *S. pneumoniae*, which was the most frequently isolated pathogen in our study, had the highest frequency of increased NLCR values compared to patients with other pathogens. This could be well related to the severity of disease in these patients. Patients with pneumococcal pneumonia tend to be sicker as reflected in increased duration of hospitalization, ICU admittance and mortality. Indeed, in our study CURB-65 scores in patients with pneumococcal infection were higher, while nearly one quarter of the non-surviving patients were diagnosed with pneumococcal disease. Our current study adds to the value of the NLCR by showing that this marker is of interest in patients admitted to the ED with CAP. In our opinion the novelty of the NLCR is the possibility of implementing this parameter simply by using already available biomarkers (WBC-count, neutrophil count and lymphocyte count). Since calculating the NLCR is easy to do and does not require additional testing it may add to our ability to predict mortality. Diagnosing community-acquired pneumonia and subsequently assessing prognosis, severity and site-of-care indicators remains a challenging process. Clinical judgement remains the cornerstone to determine appropriate management but may be facilitated (especially for the less experienced doctors) by the use of severity scores and to a lesser extent biomarkers. [@pone.0046561-Blasi1] It could be of interest to investigate whether adding the NLCR to currently existing severity scores would improve the overall performance of these scores thereby assisting the emergency physician in the treatment options. Use of the NLCR may allow the clinician to stratify patients with CAP into different prognostic categories and could possibly add to the performance of well-accepted severity-of-illness scores.

This study has several limitations. First, in view of the minor differences between the AUC for neutrophil numbers and NLCR, the NLCR may simply reflect differences in neutrophil numbers. Second, as this is a single centre study the results should be validated in other settings. Third, recently developed infection markers (procalcitonin, pro-adrenomedullin, neopterin) were not evaluated. Fourth, in general biomarkers alone are clearly less suited in the prediction of prognosis and severity of disease. Several severity scores are currently used, all with different strengths and weaknesses. In our hospital the CURB-65 is employed because of its ease of use. Considering the mean age of our patients (63 years) the Pneumonia Severity Index (PSI) was probably better suited and it would have been of interest to see the relation of the NLCR and the different PSI categories. In addition the CURB-65 is known for being poor at predicting ICU admission as opposed to mortality. [@pone.0046561-Buising1] Fifth, the epidemiology of CAP is subject to epidemic outbreaks. During the study period, we were confronted with epidemics of two different pathogens, a regional Q fever epidemic and the influenza A (H1N1) 2009 pandemic. C. burnetii was the second most common cause of CAP in our study but has not been a significant pathogen in most other etiologic studies. The clinical symptoms of CAP due to C. burnetii tend to be less severe compared to other forms of CAP. Previously, we have shown that acute Q fever specifically induces an increase in CRP levels while WBC counts remain within normal ranges [@pone.0046561-deWit1]. Consequently, this may have influenced the results of our study. Sixth, previously, the NLCR has shown its value both in predicting bacteremia and survival in various clinical circumstances. In general, blood cultures in CAP patients have a relatively low positivity rate. This was also seen in our study (n = 42 patients, 10.6%) and possibly related to the prescription of antibiotics before presentation to the ED (n = 148, 37.5%). Consequently, the low number of actual bacteraemia patients may have affected the final outcomes of our study.

The proportion of patients that required ICU admission that were given antibiotics is clearly decreased compared to the proportion of the non-ICU patients receiving antibiotics. Delayed antibiotic therapy in septic patients is known for its detrimental effects however the antibiotics usage referred to in our study refers to this treatment prior to the ED admission. [@pone.0046561-Kumar1], [@pone.0046561-Dellinger1] Detailed examination of the patients admitted to the intensive care shows that although there is a decreased proportion of patients receiving antibiotics prior to admission compared to the overall population, this is not related to survival. A closer look into the patients that actually died showed that the actual number of patients that received antibiotic prior to admission is comparable to the overall study population (39% versus 37%) and that there was no significant differences in survival between the group of patients receiving antibiotics versus the group of patients that did not receive antibiotics prior to the admission (logistic regression analysis, p = 0,86).
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